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Abstract of the contribution: This contribution discusses the deactivation of UE-derived QoS Rules for Reflective QoS taking into account only the UP mechanism remains and per-QoS Rule timer deactivation was previously agreed at SA2#121 /May 2017.
1
Discussion
1.1
Background
At SA2#122 it was agreed to remove the CP activation mechanism for Reflective QoS [1]. The CP mechanism relied on N1 signalling to indicate whether or not Reflective QoS applied on a given QoS flow but without requiring any extra signalling handshake between the UE and the 5GC (i.e. the RQA was piggy-backed onto existing signalling). The main benefit of the CP mechanism was that all packets of a QoS flow were subject to RQoS hence proving simpler for UE implementation than the UP mechanism. Nonetheless, having one less mechanism removes flexibility hence improves simplicity for the whole system.
The UP mechanism subsists which articulates around an indication provided by the NG-RAN to the UE whether or not a DL packet on a QoS flow is subject to Reflective QoS. Once a DL packet is received by the UE, if the UE determines this packet is subject to Reflective QoS, then the UE first checks whether a UE-derived QoS Rule exists for this packet (i.e. packet filter source matching the packet’s 5-tuple recipient) and if not creates and activates one. A UE-derived QoS Rule is associated with a specific activation timer (hereafter “RQ Timer”) that is started upon creation of the rule and re-started every time a corresponding DL packet is received (i.e. packet filter source matching the packet’s 5-tuple recipient). The UE-derived QoS Rule remains active until RQ Timer expiry or QoS flow release, whichever occurs first. Any number of UL packets matching a UE-derived QoS Rule may then be sent as long as the corresponding timer is running.
At SA2#122 it was argued [2] to remove the RQ Timer of a UE-derived QoS Rule and instead have an explicit deactivation indication aka DRQI (i.e. analogous to the activation indication RQI) on N3. In turn this proposal implies an explicit indication from the NG-RAN to the UE to deactivate a UE-derived QoS Rule. In addition, it proposes  an overall RQoS timer maintained by the UE per PDU session (i.e. for all QoS flows on this PDU session), at the expiry of which all UE-derived QoS Rules for which no matching UL packets were sent while the timer was running are deleted and the timer is restarted, to allow periodical deletion of unused UE-derived QoS Rules.
SA2#122bis is expected either to confirm the use of per UE-derived QoS Rule activation timer as agreed in SA2#121 or to introduce an explicit deactivation indication (DRQI) peer of the activation indication (RQI). This contribution discusses these points and introduces a way forward.
1.2
Discussion

1.2.1
General
The UE complexity with Reflective QoS is raised in [2] namely:

-
Maintenance of an individual RQ Timer for each UE-derived QoS Rule i.e. the higher the number of concurrent UE-derived QoS Rules, the higher the number of concurrent RQ Timers; and

-
Comparison of DL packets against “all filters of the active UE-derived QoS Rules so that the UE can restart the [RQ] timer whenever a DL packet for an existing UE-derived QoS Rule is received”. 

It is indicated that the above “causes additional consumption of UE resources and impact the overall UE performance,” hence [2] proposes not to use individual RQ timers, contrary to SA2#121 agreement.

While we generally sympathize with the concerns regarding the complexity/benefit trade-off of Reflective QoS we have assessed [3] that running concurrent DL keep-alive RQ timers in the UE is not deemed a main issue from an implementation complexity standpoint, under the assumption that the number of concurrent QoS Rules is limited in the UE.
So the main question is whether it is simpler to implement and operate Reflective QoS:

Solution a)
with individual RQ Timers, or 
Solution b)
with DRQI, individual transmission status indications, and an overall RQoS timer per PDU Session. 
Note that in Solution b) the overall RQoS Timer is solely meant to delete UE-derived QoS rules that were unused (i.e. no UL packet) for the duration of the timer.

1.2.2
Comparison between Solutions a) and b)
	Actions
	Solution a) (current 23.501)
	Solution b) (Hw)

	PDU Session establishment
	UE Action: None
	UE Action: Start PDU session RQoS timer

	Activation of UE-derived QoS Rule
	DL packet, RQoS indication by NG-RAN to UE

No existing corresponding UE-derived QoS Rule

	
	UE Action: 
· Activate UE-derived QoS Rule
· Start individual RQ Timer
	UE Action:

· Activate UE-derived QoS Rule

	Maintenance of UE-derived QoS Rule
Case 1: incoming DL packet (same 5-tuple)
	DL packet, RQoS indication by NG-RAN to UE1
Existing corresponding UE-derived QoS Rule

	
	Individual RQ timer running

UE Action: 
· Restart individual RQ timer
	Overall PDU Session RQoS timer running
UE Action:

· None

	Maintenance of UE-derived QoS Rule
Case 2: no incoming DL packet
	Individual RQ timer running

Dummy DL packet may be needed close to RQ timer expiry (Obs. 1)

UE Action: 
· Keep UE-derived QoS Rule
	Overall RQ Timer running

UE Action:
· None

	Incoming UL packet matching UE-derived QoS Rule
	Individual RQ timer running

UE Action: 
· Transmit UL packet with corresponding QFI
	Overall RQ timer running

UE Action: 
· Transmit UL packet with corresponding QFI
· set individual transmission status indication if not already set

	Deactivation of UE-derived QoS rule

Case 1: incoming DL packet (same or different 5-tuple)
	Same 5-tuple: DL packet, no RQoS indication by NG-RAN to UE1
Different 5-tuple: DL packet

Potential Individual RQ timer expiry

UE Action: 
· delete UE-derived QoS Rule upon timer expiry (Obs. 2)
	DL packet, “deactivate RQoS” indication by NG-RAN to UE

UE Action: 
· delete UE-derived QoS Rule (Obs. 2)

	Deactivation of UE-derived QoS rule

Case 2: no incoming DL packet
	Potential Individual RQ timer expiry

UE Action: 
· delete UE-derived QoS Rule upon timer expiry (Obs. 2)
	Dummy DL packet, deactivate RQoS indication by NG-RAN to UE; or

PDU Session RQoS timer expiry (if individual transmission status indication not set)

UE Action: 
· delete UE-derived QoS Rule (Obs. 2); or
· delete unused UE-derived QoS Rules

	Note 1: see §1.2.3


Observation 1: For solution a) it is deemed a rare case in case of DL-biased traffic to have to issue a DL dummy packet to maintain a UE-derived QoS rule. 

Observation 2: Solution b) allows “immediate” deactivation of a UE-derived QoS rule on a QoS flow at the potential cost of DL dummy packet(s). Solution a) instead relies solely on the expiry of the individual RQ timer.
For Solution b) the overall PDU Session RQoS timer is meant to delete at regular intervals any unused UE-derived QoS rule i.e. rules for which no corresponding UL packet was sent up until timer expiry. Contrary to Solution a) which automatically removes UE-derived QoS rules in absence of corresponding DL traffic, Solution b) leads to adding rules one after the other which when not explicitly deactivated (e.g. to avoid dummy DL packets) can prove an extra burden on the UE compared to Solution a). Now, it is in fact unclear what the use case really is for such overall PDU Session RQoS timer tied to individual UL transmission status per UE-derived QoS Rule. In fact, it would seem as though the only viable scenario were if the network were clueless as to whether Reflective QoS would effectively be used or not i.e. a scenario when the network would set the RQI by default which we do not expect to be a correct network behavior. Furthermore, this would only delete UE-derived QoS rules for which NO uplink packets were sent – any UE-derived QoS rule for which at least one packet was sent would require explicit deactivation (hence possibly dummy DL packet). Thus it appears more appropriate to leave this unspecified.
Observation 3: For Solution b) the overall RQ timer tied to individual UL transmission status per UE-derived QoS rule is questionable. No compelling use case is identified for which this would provide added value.
Proposal 1: The overall PDU Session RQoS timer and individual UL transmission status per UE-derived QoS rule are removed from Solution b) hence yielding Solution b2) whereby the deactivation of a UE-derived QoS rule relies on an explicit indication from the network.
1.2.3
Further considerations

1.2.3.1
Per-packet RQoS activation/deactivation
Out-of-order delivery: At the AS layer, it is possible, depending on RRC configuration, that received DL (PDCP) packets be delivered out-of-order to higher layers. This implies that any indication to activate/deactivate Reflective QoS (RQI, DRQI) could be received out-of-order by the UE (under the assumption these indication are conveyed by NG-RAN to the UE over the radio interface), hence Reflective QoS may not be activated or de-activated as expected.
Stateful vs. stateless behaviour: If the determination, in the UE, that a DL data packet N is subject or not to Reflective QoS, is reached based on a dynamic indication received for DL data packet N-i, more complexity is imposed on the UE than if such indication were provided on a per-packet basis;  a “stateful” behaviour is introduced. In fact, it is simpler for the UE if an indication is provided on a per-packet basis for it allows the UE a very simple deterministic behaviour for every packet individually. 
Observation 4: A stateless behaviour to determine whether a DL data packet is subject to Reflective QoS is considerably simpler than a stateful behaviour.
In order to address the above issues, the following proposal is necessary:
Proposal 2: Indication to the UE to activate/maintain (/de-activate
) Reflective QoS is done for each packet individually and is only valid for the corresponding packet.
In other words, if an RQI is received in the SDAP header (subject to RAN2 discussion) of a DL packet by the UE, this RQI only applies to this DL packet.
1.2.3.2
Enabling vs. activating Reflective QoS

It has been commented a number of times that out-of-band indication (N1 or possibly RRC signalling) to enable Reflective QoS is not desirable, even if such indication were provided without any extra signalling handshake between the UE and the network (i.e. piggy-backed onto existing signalling transactions).

However it is still a concern if Reflective QoS were always enabled by default for every QoS flow for the UE may have to carry out processing related to Reflective QoS (wrt. handling of UE-derived QoS rules) for every DL packet, see below. This is unnecessary when Reflective QoS is not used for a given DL packet (as can indeed be the case with the UP mechanism for which on any QoS flow, a DL packet may or not be subject to Reflective QoS); with latency reducing and data rates increasing, the burden on the UE cannot be dismissed. From a UE standpoint it is indeed necessary to distinguish each of the following cases:
Case A: For a DL packet a UE checks whether a UE-derived QoS rule already exists and 

-
if so it either maintains it (or if applicable
 deletes it); or

-
if not, it creates one 
Case B: For a DL packet a UE needs not check whether a UE-derived QoS rule already exists i.e. no RQoS processing.
As currently specified, on N3 interface (UPF<>NG-RAN) “Reflective QoS is controlled on per-packet basis by using the RQI in the encapsulation header on N3 reference point together with the QFI” [1]. However what “using” means is not clear. 
-
Does every DL packet subject to Reflective QoS contain a RQI in the encapsulation header? 
-
Our assumption is YES, as indicated by “per-packet” control. 
A DL packet on N3 (resp. radio interface) that does not contain a RQI in the encapsulation header (resp. with no Reflective QoS indication) is therefore considered not subject to Reflective QoS. 

If this is confirmed, Case B above is ensured whenever a packet is received by the UE without a corresponding Reflective QoS indication. For Case A, the specified timer-based solution ensures UE-derived QoS rules get deleted automatically after some time – the timer is only affected with packets for which a Reflective QoS indication exists.
-
If not, then what does per-packet control actually mean then? And how is it indicated on N3 that a DL packet on a QoS flow is not subject to Reflective QoS? 

In theory, the timer-based solution could be used such that the RQI (for this packet filter) is sent “periodically” shortly before timer expiry. However, no corresponding timer was deemed acceptable in the UPF. Hence in practice the UPF, unless it is informed by the NG-RAN that a given data packet has been correctly received by the UE, simply does not know when a data packet is actually received by the UE i.e. it has no reliable way to know when to re-position the RQI to keep a UE-derived QoS rule active. Consequently it is also clueless as to when a UE-derived QoS rule is deleted by the UE.
Observation 5: with the current timer-based solution and under the assumption that for any DL packet subject to Reflective QoS (resp. not subject to it) a corresponding individual indication is provided to the UE, no distinct indication to the UE that Reflective QoS is enabled or not is seen necessary. 
Observation 6: with the current timer-based solution, unless every DL packet on N3 subject to Reflective QoS contains a RQI in the encapsulation header, or a network timer for every packet filter (with Reflective QoS) is introduced, the UPF has no reliable way to know when to re-position the RQI in a DL packet in order to prevent a UE-derived QoS rule timer expiry in the UE.
Proposal 3: TS23.501 is clarified such that any DL packet on N3 subject to Reflective QoS contains a RQI in the encapsulation header. We expect a similar behavior on the radio interface i.e. “Reflective QoS” indication is provided for every packet individually to the UE. 

Proposal 4 (corollary): TS23.501 is clarified such that any DL packet on N3 not containing a RQI in the encapsulation header is not subject to Reflective QoS. We expect a similar behavior on the radio interface.

Observation 7: We do not foresee any specific complexity in the network to include a RQI (Reflective QoS indication) for every packet subject to Reflective QoS. In fact we expect it is considerably simpler than to determine when to include it when Reflective QoS is used, as exposed above.
With an explicit deactivation indication aka “DRQI”, Case B is ensured whenever a DL packet is received by the UE without a corresponding Reflective QoS indication or a deactivation indication. However, we expect that the deactivation indication is not set blindly by the network i.e. the deactivation indication requires the network to keep track of 5-tuples for which a RQI was previously set i.e. this requires a stateful behavior in the network such that the network shall in this case not set a DRQI for a 5-tuple for which no RQI was previously set. If this cannot be guaranteed (i.e. DRQI is set by default when RQI is not set) then Case B cannot be guaranteed – in this case DRQI is not deemed acceptable. 

Proposal 4a (corollary) alternative to proposal 4, with DRQI: TS23.501 is clarified such that any DL packet on N3 not containing a RQI or a DRQI in the encapsulation header is not subject to Reflective QoS. We expect a similar behavior on the radio interface.
Observation 8: an explicit deactivation indication requires a stateful behavior of the network whereby the network keeps track of every 5-tuple for which a RQI was issued. 
Proposal 5: with an explicit deactivation indication, the network shall not issue a DRQI for a 5-tuple for which no RQI was previously set.

Observation 9: with an explicit deactivation indication and under the assumption that for any DL packet subject to Reflective QoS (resp. not subject to it) a corresponding individual indication is provided to the UE, no distinct indication to the UE that Reflective QoS is enabled or not is seen necessary. 

Observation 10: With an explicit deactivation indication, the UPF has no reliable way to know when exactly a UE-derived QoS rule is deactivated. However it is not deemed an issue if a UE continues using a given (reflected) QoS flow for some UL packets for some time.
It is currently debated in RAN2 that in order to simplify the overall design of the radio interface protocols, not having a multiplicity of different header formats would be beneficial. I.e. the RQI could always be included (Note the Reflective QoS indication on the AS is under discussion as well i.e. whether RQI or not). The implications are as follows (assuming RQI is used):

-
Current timer-based mechanism

-
RQI=1: UE-derived QoS rule to be activated / maintained (i.e. Case A)

-
RQI =0: no particular action (i.e. Case B)

-
Explicit deactivation: the issue lies here in distinguishing between a packet that is not subject to Reflective QoS and a packet that is no longer subject to Reflective QoS (i.e. deactivation), in order to guarantee Case B above. This in fact requires a second indication e.g. “RQE”

-
RQE = 0
RQI=X: no particular action (i.e. Case B). Not subject to Reflective QoS.
-
RQE = 1
RQI =1: UE-derived QoS rule to be activated / maintained (i.e. Case A)

-
RQE = 1
RQI=0: UE-derived QoS rule to be deactivated (i.e. Case A)
1.2.3
Way forward
Given the above observations and proposals, the following alternative proposals are made either:

Way Forward 1 - Preferred

-
Stick to the current timer-based mechanism, and incorporate proposals 2, 3 and 4.
Way Forward 2 – Not preferred
-
Introduce proposal 1

-
Keep the current timer-based mechanism, and incorporate proposals 2, 3 and 4a. But make the timer-based deactivation optional for UE implementations
2
Conclusions

Way Forward 1 is recommended whereby the current timer-based mechanism is kept (i.e. no explicit deactivation indication is introduced) but, in order to address the issues observed, is amended according to proposals 2, 3 and 4 such that every DL packet subject to Reflective QoS contains a RQI in the encapsulation header on N3 (and correspondingly on the radio interface) and any DL packet not containing a RQI is not subject to Reflective QoS (i.e. no treatment pertaining to UE-derived QoS rules).

An alternative Way Forward 2 is also proposed, in case the current mechanism turns out to be fundamentally unacceptable for SA2.
The Way Forward 2 consists in keeping the current timer-based mechanism but making it optional for UE implementations. An explicit deactivation is introduced (“DRQI”) on N3. The current mechanism is amended according to proposals 2, 3 and 4a such that every DL packet subject to Reflective QoS contains a RQI in the encapsulation header on N3 (and correspondingly on the radio interface) and any DL packet not containing a RQI or DRQI will not be subject to treatment pertaining to UE-derived QoS rules. 

Way Forward 1 is captured in the pCR below [pCR must be updated, the doc below is an old one]
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Annex: pCR 23.501
**** FIRST CHANGE ****
5.7.5
Reflective QoS

5.7.5.1
General

The support for reflective QoS over AN is under control of the 5GC. The reflective QoS is achieved by creating a derived QoS rule in the UE based on the received downlink traffic. It shall be possible to apply reflective QoS and non-reflective QoS concurrently within the same PDU session. For traffic that is subject to reflective QoS, the UL packet gets the same QoS marking as the reflected DL packet.

5.7.5.2
UE Reflective QoS Procedures

5.7.5.2.1
General

For a UE supporting reflective QoS function, and if Reflective QoS function is enabled by the 5GC for some traffic flows, the UE shall create and maintain one or more derived QoS rules for the uplink traffic based on the received downlink traffic. The UE shall use these derived QoS rules to determine mapping between uplink traffic and QoS flows.

A UE not supporting Reflective QoS shall ignore any indication of Reflective QoS.
5.7.5.2.2
UE Derived QoS Rule

Each UE derived QoS rule contains the following parameters:

-
Packet Filter

-
QFI

-
precedence value.

The Packet Filter is derived based on the received DL packet.

When Reflective QoS is activated the precedence value for all derived QoS rules is set to a fixed standardised value.

Editor's note:
When Reflective QoS is activated via User Plane it is FFS whether and how the standardised value is overridden by a new value on per-PDU Session basis.

5.7.5.3
UPF Procedures for Supporting Reflective QoS

When the User Plane reflective QoS is enabled by the 5GC, the UPF includes in DL packets subject to Reflective QoS the Reflective QoS Indication (RQI) in the encapsulation header on N3 reference point together with the QFI.

5.7.5.4
Reflective QoS Control

Reflective QoS is controlled by the 5GC on a per-DL-packet basis by using the RQI in the encapsulation header on N3 reference point together with the QFI of the QoS flow, and a Reflective QoS Timer (RQ Timer) value that is either signaled to the UE upon PDU Session establishment or set to a default value. 
NOTE:
It is up to Stage 3 to define the RQ Timer values.

When the 5GC determines to use reflective QoS for a specific SDF, the SMF shall
-
in the case of NG-RAN, include a Reflective QoS Attribute (RQA) in the QoS flow parameters which are sent to the RAN via N2; and
-
include an indication in the corresponding SDF information provided to the UPF via N4 interface.
For DL packets corresponding to this SDF, the UPF sets the RQI bit in the encapsulation header on the N3 reference point.

When an RQI is received by (R)AN in a DL packet on N3 reference point, the (R)AN shall indicate to the UE the QFI and that this DL packet is subject to Reflective QoS. When instead a DL packet is received on N3 reference point without a RQI, the (R)AN shall not indicate to the UE that this DL packet is subject to Reflective QoS.
Upon reception of a DL packet that is subject to Reflective QoS
-
if a UE derived QoS rule with a packet filter corresponding to the DL packet does not already exist,

-
the UE shall create a new UE derived QoS rule with a packet filter corresponding to the DL packet, and

-
the UE shall start, for this UE derived QoS rule, a timer set to the RQ Timer value

-
otherwise the UE shall restart the timer associated to this UE derived QoS rule
NOTE:
Non-3GPP ANs does not need N2 signalling to enable Reflective QoS. Non 3GPP accesses are expected to send transparantly the QFI and RQI to the UE. If the UPF does not include the RQI, no UE derived QoS rule will be generated. If RQI is included to assist the UE to trigger an update of the UE derived QoS rule, the reception of PDU for a QFI restarts the RQ Timer.
Editor's note:
Whether other means to deactivate Reflective QoS are needed is FFS

Upon timer expiry associated with a UE derived QoS rule the UE deletes the corresponding UE derived QoS rule.

**** END OF CHANGES ****






























� i.e. with “DRQI” only


� i.e. with “DRQI” only





3GPP


